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Background: The use of organophosphates (OPs) in developing countries is rising in large quantities and non-secure methods. 
This problem not only causes acute poisoning but also may lead to chronic diseases such as polyneuropathy. In Iran, 60% of 
pesticides are organophosphate compounds that may lead to delayed polyneuropathy. 

Objectives: The purpose of the current study was to evaluate delayed polyneuropathy in farm sprayers due to chronic low dose 
pesticide exposure. 

Patients and Methods: In our cross-sectional study, non-randomized sampling method was performed and 100 farm sprayers 
(cases) and 100 hospital personnel (controls) after precise systemic and neurological examination were recruited to this study 
from June 2011 to august 2011. The nerve conduction studies were performed and these indices were recorded: Compound Muscle 
Action Potential (CMAP), amplitude and Distal Latency (DL) and Nerve Conduction Velocity (NCV) of common peroneal nerve, Peak 
Latency (PL) and amplitude of Sensory Nerve Action Potential (SNAP) and Nerve Conduction Velocity (NCV) of sural and radial 
sensory nerves. 

Results: Among 100 cases, 55 farm sprayers complained of non-neurological problems including: ophthalmologic, dermatologic 
and pulmonary complications. The ophthalmologic complaints (44%) were the most. The mean peroneal CMAP amplitude and 
NCV, sural PL, radial SNAP amplitude, PL and NCV in the case group were significantly different compared to control group. 
Mean exposure time to OPs in farm sprayers without neurological problem (40%) was 11.81 + 5.84 years but in farm sprayers with 
neurological problems (60%) was 15.70 ± 9.08 years, which represents the effect of OPs exposure duration on neurologic problems. 
Conclusions: Chronic low dose pesticide exposure could lead to delayed peripheral neuropathy as well as systemic (skin, eyes and 
lungs) complications. In farm sprayers electrodiagnostic indices were significantly abnormal as compared to control group. The 
normal indices did not rule out neurologic involvement and it seems that measurement of these indices at the beginning of the 
farm sprayers employment and intermittently during their work is helpful for detecting delayed polyneuropathy. 
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1. Background 

Huge amounts of organophosphates pesticides (OPs) 
are used worldwide. Recommended agricultural pesti- 
cides, which are used in the developing countries, have 
more problems such as high doses consumption and of- 
ten are used in non-secure applications and without ap- 
propriate protective equipments (1). Acute OPs poisoning 
causes a wide range of morbidity and mortality (2) and 
is more frequent in developing countries, where almost 



all deaths due to pesticide poisoning happens (3). In 
Iran, 4.6% of all acute poisonings are related to pesticides 
(4, 5) whereas in recent years, these poisonings have been 
gradually declined (6). In Iran, more than 60% of pesti- 
cides used in agricultural and industrial settings are OPs 
(7). Also in Iran, based on local reports, farms are sprayed 
against insects 5 times per year and the most prevalent 
method for plants and gardens protection is chemical, 
and the most common chemical agents are Ops (7). Most 
popular OPs used in Iran are: 



Implication for health policy/practice/research/medical education: 

This study reveals that exposed farm sprayers to organophosphates in a time related manner may lead to abnormal general (ophthalmologic, dermato- 
logic and pulmonary), neurological (e.g. socks and gloves paresthesia) and electrophysiological abnormalities (mainly radial nerves indices). Baseline 
and follow-up measurements of electrophysiological indices with a focus on the radial nerve, shortening of subjects working period, applying more 
respiratory, eye and skin protection with a focus on hands are recommended. So in future studies this measurement is recommended. This study proved 
that the normal electrodiagnostic indices in agriculture sprayers necessarily does not mean the absence of neuropathy, so comparing indices periodi- 
cally in farm sprayers can help identify many of these sprayers with delayed neuropathy. Therefore, it is suggested that sprayers working in farms in 
addition to routine examination before beginning their work, basic electrodiagnostic assessment also should be considered. 
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Teflubenzuron, Phosalone, Phosalone, Indoxacarb, 
Diazinon, Azinphosmethyl, Bromopropylate and Oxy- 
demeton-methyl (7). Acute exposure to OPs may lead to 
numerous toxic complications, including acute cho- 
linergic clinical episodes (dizziness, anxiety, headache, 
nausea, rhinorrhoea, sweating, salivation, lachryma- 
tion, bronchorrhea, bronchospasm, pulmonary edema, 
abdominal pain, diarrheal, miosis, tachycardia, hyper- 
tension, muscle twitching, fasciculation, Loss of con- 
sciousness, convulsions, flaccid paralysis, deep coma and 
cardiopulmonary arrest), the intermediate syndrome, 
organophosphate-induced delayed polyneuropathy (OP- 
IDP) and chronic neurological effects (8, 9). 

OPIDP is a symmetrical sensori-motor axonopathy 
which is more severe in long axons and occurs 7-14 days af- 
ter exposure which could be extremely disabling and elec- 
trodiagnostic studies show sensory nerve dysfunction of 
the lower extremities more than motor nerves (9). Acute 
toxicity effects are produced by the irreversible inactiva- 
tion of the enzyme cholinesterase. The intermediate syn- 
drome's mechanism is not understood precisely, while 
OPIDP is caused by the inhibition and subsequent aging 
(dealkylation) of neuropathy target esterase (NTE) (8, 10). 
Additionally, there are some evidences for the ability of 
OPs causing disruption in a number of metabolic and cell 
signaling pathways that affect neuronal cell proliferation, 
differentiation and survival and interaction with non-es- 
terase proteins such as tubulin (ll). However, the possible 
effects of long-term low-level exposure to OPs remain un- 
clear (8). Chronic OPs poisoning is usually occupational 
which may occur in workers with daily exposure and is 
most common among farm sprayers and sheep divers (9). 
Majority of OPs compounds are metabolized rapidly and 
excreted. However, since several OPs compounds cause 
slowly reversible inhibition of cholinesterase, accumula- 
tion of this effect can occur (9). The farm sprayers who ex- 
posed to OPs revealed lower AChE activity and higher uri- 
nary dialkylphosphate and 8-hydrox-29-deoxyguanosine 
than the controls (9). Also they had higher DNA damage 
than the controls (12). Some complications due to chronic 
low dose exposure to OPs are parkinsonism (13) and psy- 
chiatric diseases (14). Also neurobehavioral changes due 
to chronic exposure to low doses of OPs have been report- 
ed (15-17), although these results have not been supported 
by other studies (12 ). Some studies have shown that OPs ex- 
posure could lead to neurodevelopmental adverse effect 
on Mexican-American children (18) and may contribute 
to Attention-Deficit/Hyperactivity Disorder (ADHD) preva- 
lence in American children (19 ). This study was performed 
to determine the role of chronic low dose exposure with 
OPs in developing polyneuropathy in Khorasan-Razavi 
province farm sprayers. 

2. Objectives 

The purpose of the current study was to evaluate de- 
layed polyneuropathy in farm sprayers due to chronic 
low dose pesticide exposure. 
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3. Materials and Methods 

In our cross-sectional study, non-randomized sampling 
method was performed and all registered farm spray- 
ers in Occupational & Environmental Department of 
Khorasan-Razavi Province of Iran (n = 142) were recruited 
to this study. Out of these cases, 118 (82%) farm sprayers 
agreed to participate in this study from June 2011 to Au- 
gust 2011. 16 cases (11%) were excluded due to underlying 
diseases including diabetes, thyroid disease, chronic low 
back pain, history of brucellosis, acquired or hereditary 
poly neuropathy and disk herniation. Two females (1%) 
were excluded for more matching between case and con- 
trol groups. Also 100 healthy male employees' in Ghaem 
Medical and Research Center (Hospital) of Mashhad city 
of Iran with no underlying disease or occupational expo- 
sure to toxins were enrolled in our study as the control 
group. Clinical and electrodiagnostic evaluations were 
done in the neurology department of Ghaem Medical 
and Research Center, which is a referral university hos- 
pital. Moreover for omitting measurement bias, only a 
faculty member did all observations and measurements 
rechecked precisely. 

All cases and controls underwent obtaining precise his- 
tory and complete systemic and neurologic examination 
including sensory (light touch, pinprick, temperature, 
proprioception and vibration sensations) and motor 
examinations (muscular tone and force, deep tendon re- 
flexes). 

Electrodiagnostic indices which were recorded by cali- 
brated TOENNIES electromyography machine (Toennies 
Company-Germany) included: compound muscle action 
potential (CMAP) amplitude, distal latency (DL) and nerve 
conduction velocity (NCV) of common peroneal nerve, 
peak latency (PL), amplitude of sensory nerve action po- 
tential (SNAP) and NCV of sural and radial sensory nerves. 

In peroneal motor nerve conduction study (NCS), 
proximal and distal stimulations were performed at 
fibular neck and ankle respectively. The indices were 
recorded from extensor digitorum brevis muscle. Sural 
NCS was performed by stimulation of nerve trunk at a 
distance 14 cm from lateral ankle border where record- 
ing electrodes were placed. For radial sensory nerve, 
recording electrodes were placed on the dorsum of the 
hand in the radial sensory nerve territory. The stimula- 
tion was carried out at 12 cm from recording electrodes 
in distal forearm. In all sensory NCS, the active and 
reference electrodes distance was about 3 to 4 cm. All 
stimulations were supra maximal. Normal values for 
the nerve conduction measures were taken from stan- 
dard published norms. 

The case group was also divided into two subgroups: 
with neurological problems (n = 40) and without neu- 
rological problems (n = 60). These two subgroups were 
compared separately. The data were checked for normal 
assumption using Kolmogorov-Smirnov test and none 
of variables were significant at 0.05. Finally, data were 
analyzed using Student t-test and Chi-square test by SPSS 
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version 11.5 software. P values less than 0.05 were con- 
sidered statistically significant. Ethics approval was ob- 
tained from Ethics Committee of the Mashhad University 
of Medical Sciences (No. 2182). All enrolled subjects com- 
pleted informed consent. 

4. Results 

4.1. Demographic Features 

Overall 100 farm sprayers were evaluated clinically and 
electrodiagnostically and compared to 100 healthy hos- 
pital personnel (controls). All subjects were males. The 
mean age + standard deviation of cases was 43.4 + 6.5 
years, which was significantly higher than the control 
group (40.7 + 6 years) (P = 0.002) (Table 1) (see limitation 
please). In cases group, age had no difference significant- 
ly between farm sprayers with and without neurologic 
findings (P= 0.153). 

4.2. Clinical Findings 

4.2.1. Systemic Findings 

In 100 cases, systemic complications were: ophthalmo- 
logic (burning and itching sensation, redness and lacri- 
mation) (44%), dermatologic (hypersensitivity, burning 
and itching sensations) (40%) and pulmonary (cough 
and dyspnea) (32%) (Table 2). It should be emphasized 
that because of complications overlaps, overall 55 cases 
had systemic complications. 



Table 1. Age Distribution in Cases and Controls a 


Groups 


Age, y P value 


Cases (n = 100) 


43.4+6.5 a 0.002 


Controls (n = 100) 


40.7+6.0 


Cases with neurologic problems (n = 


= 40) 44.6+6.3 0.153 


Cases without neurologic problems 

=60) 


(n 42.7+6.6 


a Data are presented as Mean+SD. 


Table 2. Prevalence of Complications in 100 Farm Sprayers a 


Complications 


Frequency, % 


Neurologic 


Sensory symptoms 


37 (37) 


Sensory signs 


16 (16) 


Motor symptoms 


2(2) 


Motor signs 


0(0) 


Systemic 


Ophthalmologic 


44(44) 


Dermatologic 


40(40) 


Pulmonary 


32 (32) 



a Some overlaps exist between complications. 
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4.2.2. Neurologic Findings 

Among cases, neurologic findings were divided to: sen- 
sory symptoms (paresthesia and numbness in glove and 
stocking pattern) (37%), sensory signs (decreased sense 
of pain and temperature) (16%), motor symptoms (distal 
weakness of four limbs) (2%), and no motor signs (force, 
tone and reflexes) (0%) (Table 2). It should be emphasized 
that because of complications overlaps, overall 40 cases 
had neurologic complications. 

4.3. Electrodiagnostic Findings 

4.3.1. Cases Versus Controls 

4.3.1.1. Mean Values of Electrodiagnostic Indices 

Mean (SD) of peroneal CMAP amplitude (P = 0.013) and 
NCV (P < 0.001), sural PL (P = 0.006), radial SNAP ampli- 
tude (P < 0.001), PL (P < 0.001) and NCV(P = 0.046) in cases 
and controls were significantly different. Sural NCV and 
peroneal CMAP Distal latency were not different between 
cases and controls. All mentioned indices, however, were 
within normal ranges (Table 3). 

4.3.1.2. Frequency of Abnormal Electrodiagnostic Indices 

Abnormal peroneal NCV (m/s) was observed in 24% of 
cases which was significantly higher than controls (2%) 
(P < 0.001). Also abnormal sural SNAP amplitude (mv) 
observed in 6% which was significantly higher than con- 
trols (P = 0.029). Abnormal radial SNAP peak latency (ms) 
and radial NCV (m/s) were also more frequent in cases (P 
< 0.001). Frequencies of abnormal findings of other indi- 
ces were not different significantly between two groups 
(Table 3). 

4.3.2. Cases With Neurologic Problems Versus Cases 
Without Neurologic Problems 

In total, 40% farm sprayers had neurologic problems 
(N+). Electrodiagnostic indices of these cases were sepa- 
rately compared to data obtained from farm sprayers 
without neurologic problems (N-) (Table 4). The mean age 
in farm sprayers with and without neurologic problems 
were 44.6 (6.4) and 42.7 (6.6) years respectively without 
significant difference. Duration of exposure to pesticides 
was significantly longer in (N+) cases compared to (N-) 
cases (P = 0.036) (Table 5). 

4.3.2.1. Mean Values of Electrodiagnostic Indices 

Mean (SD) of peroneal CMAP distal latency (P = 0.008) 
and NCV (P = 0.006), sural SNAP peak latency (P < 0.001) 
and NCV (P < 0.001), radial SNAP amplitude (P < 0.001), 
peak latency (P < 0.001) and NCV (P < 0.001) in cases 
with neurologic problems and cases without neurologic 
problems were significantly different. Peroneal CMAP 
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Table 3. Comparison of Electrodiagnostic Indices Between Cases and Controls, and Frequency of Abnormal Subjects a 


Index 




Mean + SD 




Number of Abnormal Subjects 




Cases 


Controls 


P value 


Cases 


Controls 


P value 


Peroneal 


CMAP amplitude, mv 


5.4 + 2.5 


6.4 + 1.9 


0.013 


5 


3 


0.721 


CMAP distal latency, ms 


4.8 + 1.1 


5 + 0.9 


0.435 


4 


2 


0.683 


NCV, m/s 


46.8 + 5.6 


52.9 + 5.5 


< 0.001 


24 


2 


< 0.001 


Sural 


SNAP amplitude, mv 


12.5 + 4.8 


13.7 + 4.7 


0.090 


6 


0 


0.029 


SNAP peak latency, ms 


3.5 + 0.5 


3.3 + 0.5 


0.006 


0 


0 


> 0.999 


NCV, m/s 


55.8 ±10.0 


56.5 ±10.1 


0.669 


0 


0 


> 0.999 


Radial 














SNAP amplitude, mv 


17.9 + 7.4 


21.9+7.8 


< 0.001 


0 


0 


> 0.999 


SNAP peak latency, ms 


2.6 + 0.4 


2.4 ±0.4 


< 0.001 


15 


1 


< 0.001 


NCV, m/s 


58.7 + 8.7 


61.1 ± 8.1 


0.046 


14 


1 


< 0.001 



a Abbreviations: CMAP, compound muscle action potential; NCV, nerve conduction velocity; SNAP, sensory nerve action potential. 



Table 4. Duration of Organophosphates Exposure (years) in 
Farm sprayers a 

Cases With Neurologic Cases Without Neurologic P value 
Complications (n = 40) Complications (n = 60) 



15.7 ±9.1 



11.9 ± 6.5 



0.036 



Data are presented as Mean+SD. 

amplitude and sural SNAP amplitude were not different 
among these cases. All mentioned indices, however, were 
within normal ranges (Table 5). 

4.3.2.2. Frequency of Abnormal Electrodiagnostic Indices 

Frequency of abnormal indices in all beside radial SNAP 
peak latency (P < 0.001), were not different significantly 
between two groups. 

5. Discussion 

In our study, ophthalmologic, dermatologic and pul- 
monary complications were 44%, 40% and 32% respec- 
tively, which were rather higher than an Indian report in 
which 23.5% had skin complaints, 17.6% had gastrointesti- 
nal complaints and 8.8% had ophthalmologic complaints 
(20). These differences could be related to potential high- 
er or longer exposure to pesticides and lack of adequate 
protection by our farm sprayers. 

In similar studies from the US and UK, a range of 2 to 
31% of exposed cases complained of intermittent sen- 
sory symptoms mainly in the form of the glove and 
stocking (12, 21, 22). Although no impaired sensation 
was found in one study (21), impaired temperature 
sensation thresholds have been reported in up to 65% 
of cases (12, 22). Similarly, in these studies a range of 0 
to 21% of farm sprayers complained of motor weakness 
(12, 21, 22). In our study, 37% of cases complained of sen- 



sory symptoms, 16% had sensory signs and just 2% had 
motor symptoms, which were similar to other studies 
(Table 2). 

In the current study, 40% of farm sprayers had neu- 
rological findings (signs and symptoms). The mean 
duration of exposure to pesticides was longer in the 
group with neurologic problems compared to farm 
sprayers without neurologic problems (Table 4). This 
could be consistent with the effect of dose-time ex- 
posure of pesticides to peripheral nerves. As far as 
we know, this is the first report of this kind. We also 
found that a quarter of cases have isolated neurologi- 
cal problems. This might raise the importance of regu- 
lar evaluation of cases. 

We found that mean values of all, except peroneal CMAP 
distal latency, sural SNAP amplitude and sural NCV, were 
longer in cases in comparison to controls. Despite this, 
both groups mean values were within normal ranges. 
As a result, any normal nerve electrodiagnostic indices 
could not rule out peripheral nerves damages due to 
chronic organophosphates exposure. So baseline values 
should be obtained in these cases at the beginning of the 
employment. 

Also, frequencies of abnormal electrodiagnostic indi- 
ces were higher for Radial NCV, radial SNAP peak latency, 
sural SNAP amplitude and peroneal NCV. This is rather 
similar to Jamal et al. study (22) but inconsistent with 
no abnormal electrodiagnostic findings in Albers et al. 
study (21). 

Generally indices related to radial sensory nerve were 
more prominent in difference between cases and con- 
trols. This may be due to more exposure and less pro- 
tection of upper limb during spraying. This also could 
suggest the radial sensory nerve as the best nerve to be 
investigated for baseline and follow up studies. 

Based on Table 5, majority of indices obtained from 



4 



Iran Red Crescent Med J. 2014;16(5):e5072 



BoostaniRetal. 



Table 5. Electrodiagnostic Indices and Frequency 
60) Neurologic Complications 


of Abnormal Subjects in Farms Prayers With (N+) (n = 40) and Without (N-) (n = 


Index 




Mean ± SD 






Abnormal Subject 






N+ 


N- 


P Value 


N+ 


N- 


P Value 


Peroneal 


CMAP amplitude, mv 


4.2 ± 1.5 


4.8 ±2.2 


0.105 


1(2.5) 


4(6.7) 


0.640 


CMAP distal latency, ms 


5.2 + 0.6 


4.6 ±1.3 


0.008 


1(2.5) 


3(5) 


0.916 


NCV, m/s 


45.2 ±3.1 


47.9 ±6.6 


0.006 


7(17.5) 


17(28.3) 


0.316 


Sural 


SNAP amplitude, mv 


12.1 ±4.2 


12.8 ±5.1 


0.507 


3(7.5) 


3(5) 


0.933 


SNAP peak latency, ms 


3.6 ±0.4 


3.1 ±0.5 


< 0.001 


0(0) 


0(0) 


> 0.999 


NCV, m/s 


50.2 ±5.2 


59.9 ±10.7 


< 0.001 


0(0) 


0(0) 


> 0.999 


Radial 


SNAP amplitude, mv 


14.9 ±4.7 


19.8 ±8.2 


< 0.001 


19 (47.5) 


16 (26.7) 


0.054 


SNAP peak latency, ms 


2.8 ±0.4 


2.5 ±0.3 


< 0.001 


13(27.5) 


2 (3.3) 


< 0.001 


NCV, m/s 


55.2 ± 6.7 


61.1 ±9.1 


< 0.001 


9(22.5) 


5(8.3) 


0.088 



a Abbreviations: CMAP, compound muscle action potential; NCV, nerve conduction velocity; SNAP, sensory nerve action potential. 



Data are presented as Mean+SD or No. (%). 



farm sprayers with neurologic complications were dif- 
ferent significantly compared to farm sprayers without 
neurologic complications. Among these indices, radial 
sensory nerve indices were more different. It means that 
radial sensory nerve is more susceptible to chronic pesti- 
cides exposure than other nerves. 

This study reveals that exposed farm sprayers to OPs 
in a time related manner may lead to abnormal sys- 
temic (ophthalmologic, dermatologic and pulmonary), 
neurologic (e.g. glove and stocking paresthesia) and 
electrophysiological abnormalities (mainly radial sen- 
sory nerve's indices). Baseline and follow up measure- 
ments of electrophysiological indices with a focus on 
radial sensory nerve, applying more respiratory, eye and 
skin protections are recommended. This study proved 
that the normal electrodiagnostic indices in agricul- 
ture sprayers necessarily does not mean the absence 
of neuropathy, so comparing indices periodically in 
farm sprayers can help to identify many of these spray- 
ers with delayed neuropathy. Therefore, it is suggested 
that sprayers working in farms in addition to routine 
examination before beginning their work, basic elec- 
trodiagnostic assessment also should be considered. In 
this study, mean age of cases and controls were signifi- 
cantly different. As electrodiagnostic indices are not af- 
fected by age below 60 years this could have no impact 
on these findings. No NTE enzymatic level measurement 
was performed. 

Acknowledgements 

We would like to thank Mr. Saeed Akhlaghi, Mr. Aboutor- 
ab Nassiri, Mr. Hamid Ghaiumi, and Mrs. Maryam Attaran 
for their kind co-operation. 



Authors' Contribution 

All authors worked equally. 

Financial Disclosure 

There was no conflict of interest. 

Funding/Support 

This study has been supported by grant from Research 
Chancellor of Mashhad University of Medical Sciences, 
Mashhad, Iran. 

References 

1. Goldman LR. Managing pesticide chronic health risks: U.S. poli- 
cies./ Agromedicine. 2007;12(l):67-75. 

2. Murali R, Bhalla A, Singh D, Singh S. Acute pesticide poisoning: 15 
years experience of a large North-West Indian hospital. Clin Toxi- 
col (Phila). 2009;47(l):35-8. 

3. Gunnell D, Eddleston M, Phillips MR, Konradsen F. The global 
distribution of fatal pesticide self-poisoning: systematic review. 
BMC Public Health. 2007;7:357. 

4. Afshari R, Majdzadeh R, Balali-Mood M. Pattern of acute poi- 
sonings in Mashhad, Iran 1993-2000. ] Toxicol Clin Toxicol. 
2004;42(7):965-75. 

5. Balali-Mood M, Afshari R, Kahrom M, Ayati MH, Ali-Akbarian H, 
Zare G. Letter to the Editor: "Use of high doses of sodium bicar- 
bonate in acute organophosphorous pesticide poisoning is ad- 
vancing". Clin Toxicol. 2007;45(l):92-3. 

6. Afshari R, Ghodsi E, SharifianRazavi M, Balali-Mood M. Compari- 
son of Pesticide Poisoning in Mashhad (Iran) from 1997 to 2005. 
Clin Toxicol. 2007;45(4):382. 

7. Meschi M. List of permitted pesticides in Iran. 1st ed. Karaj, Iran: Ar- 
gicultural Education Publication; 2007. pp. 34-5. 

8. Mangas I, Vilanova E, Estevez J. NTE and non-NTE esterases in 
brain membrane: kinetic characterization with organophos- 
phates. Toxicology. 20l2;297(l-3):l7-25. 

9. Balali-Mood M, Balali-Mood K, Moodi M, Balali-Mood B. Health as- 
pects of organophosphorous pesticides in asian countries. Iran ] 
Public Health. 2012;41(10):1-14. 



Iran Red Crescent Med J. 2014;16(5):e5072 



5 



BoostaniRetal. 



10. Lotti M, Moretto A. Organophosphate-induced delayed polyneu- 17. 
ropathy. Toxicol Rev. 2005;24(l):37-49. 

11. Hargreaves AJ. Neurodegenerations induced by organophos- 
phorous compounds.AdvExp MedBiol. 2012;724:189-204. 18. 

12. Pilkington A, Buchanan D, Jamal GA, Gillham R, Hansen S, 
Kidd M, et al. An epidemiological study of the relations be- 
tween exposure to organophosphate pesticides and indices 

of chronic peripheral neuropathy and neuropsychological ab- 19. 
normalities in sheep farmers and dippers. Occup Environ Med. 
200l;58(ll):702-l0. 

13. Davis KL, Yesavage JA, Berger PA. Single case study. Possible 20. 
organophosphate-induced parkinsonism. ] Nerv Ment Dis. 
1978;166(3):222-5. 

14. Amr MM, Halim ZS, Moussa SS. Psychiatric disorders among 21. 
Egyptian pesticide applicators and formulators. Environ Res. 
1997;73(l-2):193-9. 

15. Cole DC, Carpio F, Julian J, Leon N, Carbotte R, De Almeida H. 
Neurobehavioral outcomes among farm and nonfarm rural Ec- 22. 
uadorians. Neurotoxicol Teratol. l997;19(4):277-86. 

16. Gomes (, Lloyd O, Revitt MD, Basha M. Morbidity among farm 
workers in a desert country in relation to long-term exposure to 
pesticides. Scand] Work Environ Health. l998;24(3):2l3-9. 



Haley RW, Horn J, Roland PS, Bryan WW, Van Ness PC, Bonte FJ, 
et al. Evaluation of neurologic function in Gulf War veterans. A 
blinded case-control study. JAMA. l997;277(3):223-30. 
Eskenazi B, Marks AR, Bradman A, Harley K, Barr DB, Johnson C, 
et al. Organophosphate pesticide exposure and neurodevelop- 
ment in young Mexican-American children. Environ Health Per- 
spect. 2007;115(5):792-8. 

Bouchard MF, Bellinger DC, Wright RO, Weisskopf MG. Atten- 
tion-deficit/hyperactivity disorder and urinary metabolites of 
organophosphate pesticides. Pediatrics. 20l0;125(6):el270-7. 
Kasavachandran CN, Rastog SK, Mathar N, Siddiqui MK, Singh 
VK, Bihari V, et al. Health status among Pesticide applicators at a 
Mango plantation in IndiaJPestic safety Educ. 2006;8:1-9. 
Albers JW, Garabrant DH, Schweitzer SJ, Garrison RP, Richardson 
RJ, Berent S. The effects of occupational exposure to chlorpyrifos 
on the peripheral nervous system: a prospective cohort study. 
Occup Environ Med. 2004;61(3):20l-ll. 

Jamal GA, Hansen S, Pilkington A, Buchanan D, Gillham RA, 
Abdel-Azis M, et al. A clinical neurological, neurophysiological, 
and neuropsychological study of sheep farmers and dippers 
exposed to organophosphate pesticides. Occup Environ Med. 
2002;59(7):434-4l. 



6 



Iran Red Crescent Med J. 2014;16(5):e5072 



